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Abstract

Under a recent USAF contract, AESC performed measurements on the
emission kinetics, reemission kinetics, and surface transport properties of
the contaminants (CVCM) which are released by polymeric sources in space.

In addition to these mass transfer properties, measurements were made on the

optical effects these contaminants had on receptors upon which they deposit.
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1. INTRODUCTION

The testing work done at AESC in support of the USAF Satellite
Contamination Program covered five basic testing areas. These tasks
were: 1) source emission kinetics, 2) receptor reemission kinetics,

3) surface transport properties, 4) laser induced kinetics, and 5) con-
taminated receptor optical effects. The laser kinetics work is not

covered in this report due to classification.

Two primary test facilities were employed in which to make the
necessary measurements. For the mass transfer measurements covering
the first three of the above tests, the AESC Molecular Kinetics Test
Facility (Molekit) was used. Its primary instrument consists of an array
of four quartz crystal microbalances (QCMs) positioned directly in front
of the source. The contamination effects measurements were made in the
AESC Surface Materials Effects Facility (SMEF). For this effort, the
SMEF used an integrating sphere to measure changes in the spectral
reflectance and transmittance on five typical receptors which were con-
taminated by the source materials and then irradiated with ultraviolet

light.

In addition to obtaining the source material properties them-
selves, a substantial amount of the work was directed at developing

the test techniques to facilitate both the precision and the speed of

the measurements. This is particularly true for the mass transfer tests
in the Molekit. While the necessity of applying QCMs to evaluate
reemission kinetics from contaminated surfaces is clear, it is not so
clear that these same instruments can be used to evaluate source emis-
sion kinetics. This indirect technique, identified as cryogenic QCM
thermogravimetric analysis (CQ/TGA) requires considerable knowledge of
the test configuration and rigorous temperature control of all components
of the facility. Since free molecule flow conditions are maintained,

the only transport property evaluated is the surface capture coefficient.
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This is primarily the probability that an incident molecule will
become thermally accommodated upon collision with the surface of the
receptor. Two typical source materials were studied; one, RTV-566

(0.2% catalyst), was studied fairly completely.

In the SMEF, reflectance measurements were made with about 1000 Z
of volatile condensible materials (VCMs) from RTV-566 adhesive and after
thirty-six hours of irradiation with thirty equivalent ultraviolet suns
(30 EUVs) of light at 1236 A. However, the data reduction was not com-

pleted in time to include the results in this report.

Significant characteristics of the Molekit and the SMEF are that
their internal configurations and procedures were developed by direct
application of the system contamination equations. This insures that the
flux coupling geometry of the chamber components can be rigorously

accounted for in evaluating material properties.

1008



2. VCM MASS TRANSFER TESTS

This section covers a brief description of the Molekit and the
three areas of testing performed in it. Included is an outline of the
QCM calibration techniques necessary for CQ/TGA of source materials

kinetics.

2.1 AESC Molecular Kinetics Test Facility (Molekit)

This facility is displayed in Figure 1. It is a vertical
cylinder 2-1/2 feet high and 2-1/2 feet in diameter. The outer shell
contains a complete cryogenic shroud which is maintained at LN2 temper-—
atures in all tests. The basic instrumentation consists of a coplanar
array of four QCMs which can be positioned from about 1/2 inch to
6 inches in front of the source holder. This array can be held at any
temperature from ~170°C to 150°C with better than *1/2°C accuracy.

The source holder supports a l-inch-diameter source specimen and it can
be maintained from -170°C to about 140°C with the present temperature
controllers. All internal cryogenic and LN2 lines are covered with foil
to minimize radiation coupling. The entire Molekit (without sources)
can be baked out in vacuum at up to 150°C. The Molekit is fore pumped
with 4 sorption pumps and will maintain near 10_8 torr with a 500 liter/
sec ion pump; thus no pumps using hydraulic lubrication or diffusion

0il are used which minimizes spurious gas loads. Temperatures are

monitored throughout the Molekit at 15 locations.

All data is automatically acquired once the test starts using
the HP-3050A automatic data acquisition system depicted on the control
panel in Figure 2, Data is sampled at precisely programmed intervals,
stored on magnetic tape, printed out, and plotted for real time '"quick-

look" analysis and system diagnosis. This is also true of the SMEF.
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Figure 2. Control Console with HP-3050A Automatic Data Acquisition System
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2.2 QCM Calibration Procedures

Prior to performing the source kinetics tests using the indirect
CQ/TGA technique, calibration of the QCMs is necessary due to a signifi-
cant variation in the beat frequency of these units in response to the
thermal radiation flux from the hot source. To do this, a "dummy" source
is mounted on the support which duplicates the emissivity of the polymeric
source, but doesn't emit VCM. Baked-out marble discs were used for these
calibration tests. The dummy source is then cycled through a complete
test sequence, and the transient beat frequency of each QCM is recorded
long enough until a steady output is obtained for each unit. The
response for a 2-inch separation between the source and the QCM array is
plotted for two heating steps of the source in Figure 3. While the

basic mode of response is the same for each QCM, there are significant

variations for any given unit, hence the calibration curve is necessary

for each individual QCM unit.

This data is stored on tape and is then subtracted from the
contamination data, thus correcting the raw data for the QCM transient

thermal response.

2.3 Source Kinetics Tests Procedures

A direct and reliable method for determining exact source
kinetic properties is to suspend the source specimen on a vacuum micro-
balance in-situ and maintain a constant temperature until the outgassing
becomes negligible. This is classical isothermal TGA. The data that is
measured directly is the weight remaining, MS, in the source. The mass
loss rate hs’ is a second variable which can be obtained from the slope
of the Ms versus time profile. For an isothermal first-order rate pro-
cess, Figure 4 represents a typical MS time profile for a source, which
contains 2 active components. One important characteristic implicit
on Figure 4 is that the activity or volatility of the two active compo-

nents is sufficiently different so that by the time the high volatile

1012



00071 PUB Do081- uddm3lag 3d2anog e Aq Buljesy
dea3sg o3 ooomau Je PI°H WO ® Jo @suodsay Aousnboag jusatsueil ‘*g¢ 2an31g

MBI SWILSHS 0817777
ﬁuwmv.t§§$

(SHNOH) JWIL 03sdv13

(30)
8 L 9 g y £ 2 I 0 3YNLYYIdWAL
Fr 111t rr Tt 1Tt r 17 T
it WSS r3 .
e mmem g7y EONCON | Y-
S1 1v 304NO0S i 1 UON 40 dwal 41 00zt - 091-
| . -
vy A 14 ooer o oz1-
1 i -
s [ )
01 1v Q | | 0oyl - 08-
DD ONISN3S IV‘ _ .
oot 0
y L ‘'ON WOD i
01 1v 013 \ ! oozt - or
SWOD H3H10 (\@ | | i
_ 1 0081 - 08
femmemm- - A [ -
o00L (IDHNOS) L . y

‘em === =w-" 0061 - 02L
¢N1T 1V STIVYM dNOYHS s0ZL (32HNOS) L ()

(ZNT HLIM AININDIYA
304HNOS HON3ND) Lv38 WID

1013



VOl Tewioyjos 3utang
Iswi10g Juduoduon ¢ TeOo1d4L] ® 03 parrddy SI338UeRIRd SOTIDUTY S01INn0g

(s) 3IWIL g3sdv13

*f aan31g

[

(SLNINOdWOI JAILDOVY T HO4H)
L=Cri+ Ly 4+ o - . - -—

m:n_mmmﬂ_._.ﬂgzoz
3HL 40 NOILOVHY 1HOIIM = M of ~..
AT3AILD3dSIH N /
SININOdWOD F1ILVIOA MO 8 S~ -
HOIH 40 SNOILDVYHd 1HDIAM = ¢of*tr T~

1-S ‘ATIAILOI4SIY

SIN3INOdWOI F1LVI0A
MO1 8 HOIH 40 SINVLISNOD 3LvH =% by

6 '1HDIIM IOHNOS TVLO0L TVILINI =M

/

(M St S~ ININOJINOD FTLLYIOA
MOT 40 31vH SSO7 SSYIW TVILINI

s/6 (©1 87+ by L) Sp-=(0) S “3LvH SSOT SSYW TVLLINI

m; ._>=i

ngNit;_._i

(6) Sw

S (Gt bri) U

1014



component (HVC, #1) is depleted, the low volatile component (LVC #2)

is still active enough to exhibit measurable changes to the deposition
rate. When this is true, then the data is "tail-of-the-test' data, where
changes are due to the LVC only. Thus, the value of the rate constant of
the LVC can be determined from the slope and weight fraction by extrap-
olating to the origin. The weight fraction of the non-volatile residue
(unvr) must also be known. The initial total mass loss rate together
with any other point where both components are active, will give the
weight fraction and the rate constant of the HVC. Independent measure-
ments of the total initial source weight and the non-volatile residue
mass fraction are required. More than two components can be evaluated
with this general procedure provided the activity of the components is

widely separated.

For source kinetic processes which are rate processes greater
than first order processes, a completely analogous procedure applies.
When more general kinetics such as surface-mediated diffusion is present,
a somewhat similar procedure is used, but the process requires fitting
the entire mass remaining profile to obtain the diffusion parameters.

In general, this requires a polynomial regression analysis on a computer
instead of the simple graphical procedures permissible in the case of

first order kinetics.

For most real space qualified materials, the volatility of
the active VCM components is quite low by design, hence a very long
test time is required to perform the isothermal TGA using vacuum
weighing systems with methods just described. This problem is further
complicated by the mass sensitivity limitations of an in situ vacuum
microbalance system if it is used. Measurements of this kind to obtain

source kinetics were studied but were not performed.

Another method is available for measuring source kinetics.
This technique uses QCMs which are maintained at LN2 temperatures so that

the VCM remission is negligible. The source temperature is maintained
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at a constant value so that this method is designated isothermal
cryogenic QCM TGA (CQ/TGA). 1Its principle shortcoming is that the
source directional mass loss distribution must be known. This distribution
can be measured by an array of QCMs such as is employed in the Molekit.
Its main advantages over the isothermal TGA are that the QCMs are
éxtremely sensitive being able to detect nanograms of mass loss from

the source, and that it can be applied to the most general complex
source configurations used on typical satellite systems. CQ/TGA, being
at the present a state-of-the-art isothermal procedure, requires

about 48 hours including set-up time to evaluate a typical low volatile
space qualified source. By virtue of CQ/TGA high sensitivity, it
requires considerably less time than conventional isothermal TGA with
vacuum balances. While dynamic TGA is the most rapid of all testing
procedures, it is limited to the source configurations it can handle and
at present it can only characterize sources in terms of rate ordered
processes at relatively high temperatures. This is probably valid at
temperatures in excess of 200°C for most source materials which are
applied as relatively thin coatings. However, at near ambient source
temperatures, even with thin coatings, much of the mass loss kinetics is

probably diffusion limited, and isothermal methods are again necessary.

To reliably obtain the kinetic parameters of the source mate-
rials, it is necessary to accurately model the AESC Molekit configuration
and then adjust the geometry of the internal components to establish the
optimum configuration for testing. The Molekit can be modeled as a
four-node system. These nodes are the crystal of the sensing QCM (Q),
the cases of all four QCMs and their support structure (R), the source

and its holder (S), and the Molekit shroud walls (W).

The basic equation for CQ/TGA to evaluate source kinetics is,

assuming the source to emit diffusely(cosine distribution),

M, = -F_M (1)
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where

ﬁQ = total mass deposition rate on the QCM, g/s

ﬁs = total mass loss rate from the source (a negative value),
g/s

FSQ = diffuse geometric view factor from the source to the

QCM crystal

If an explicit functional form of ﬁs is known, which is inte-~
grable, equation (1) can be integrated to give the CQ/TGA equation for
source kinetic testing. If it is assumed that the most likely source
process is the exponential first order process, then two independent
equations(MQ and M& will characterize the CQ/TGA procedures allowing the
simultaneous evaluation of 2 independent material properties. Thus a
two component source is indicated which exhibits first order source
emission. The QCM deposition expression assuming an initially clean

QCM and a diffuse source, becomes

(1, )= (™) |
MQ = FSQ WS (u1+u2)— e - uze

(2)

Q

where

=
[

mass on the QCM, g

=
1]

total weight of source material before testing, g
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ul My weight fractions in the source of the two source
’ components
kl,k2 = rate constants at TS, for the two source components,
s-1

The QCM is a "beat" frequency which is directly proportioned to the

deposited mass, Analytically, this is expressed as

M. = AC (f-f
Q Q Q ( 0) b g
3)
M, = c f s

where

AQ = 0.316 cmz, the active area of the QCM crystal

CQ = 4,43 x 10-'9 g—cm_2 ~ Hz; the mass sensitivity constant

for these QCMs
f = instantaneous beat frequency of the QCM, Hz and
fo = initial baseline (clean) beat frequency of the QCM, Hz.

Combining equations (2) and (3) expresses the four source kinetic
properties (ul, Ho» kl, k2) in terms of two isothermal observables,
(£,£).
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where

AC
- QQ -1
C <F M Hz and
sq so
f = instantaneous rate of change in beat frequency, Hz-s-l.

A basic requirement to use this method (and any other multi-
component technique such as dynamic TGA) is that the two active com-
ponents are sufficiently different in their kinetic activity that the
high volatile component (HVC or ul) is completely depleted from the
source while the lower volatile component (MVC, or uz) is still being
released in significant amounts. The basic procedure allows the tests
to run long enough for the high volatile component to be completely
depleted so that the "tail" of the test can be analyzed when only the
lower volatile material is still outgassing. Once the two properties
of the low volatile have been determined, earlier data where both
species are active can be used to compute the values of Hy and kl'

This "Tail of the Test" procedure can be used to analyze sources with
more than two components provided that the rate constants of the compo-
‘ments are significantly different. The method simply starts at the end

of the test and works backwards to the beginning solving for the

components of each successive active component.

It has been shown (Dow Corning, Ball Brothers, etc.z) that
many organic polymers of the type currently being used in satellite
applications do indeed exhibit a highly volatile component which off-
gasses relatively rapidly (about 10 to 15 hours for T, ® 125°C)
followed by a very slowly emitting component which exhibits a nearly
constant deposition rate when the high volatile component has been
depleted. Figure 5 presents a representative example of such a typical
two component polymer, and identifies the significant observables during

a cryogenic QCM thermogravimetry test.

1019



— (TAIL OF TEST WHERE
ONLY LOW VOLATILE
IS ACTIVE)

fl

}  T4=CONSTANT
Tq=-180°C

b — — e — e — — e ——_— .

Figure 5. Typical Isothermal QCM Thermogravimetric Data for a
Two Component Polymeric Source
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If sufficient test time is allowed, the high volatile
component is depleted and, assuming a constant outgassing rate for the
low volatile component simplified graphical relationships develop as

follows

u2k2 = Cf
plkl = C(fo - £7) (4)
Hy = C(f” - fo).

If the constant slope, f’, is projected to the starting time
of the test, then the (f* - fo) measures the mass of the high volatile
component which is present in the source sample during the test. This
will always be slightly less than the actual mass fraction due to unde-
tected losses which occur during the pumpdown and initial test procedures
in vacuum prior to the start of deposition. The rate constant for the
high volatile component is simply

£ - f°

1 T \FTE )
o

P
|

Of course the QCM calibration data must be applied to the raw test data

to obtain the curve shown in Figure 5.

One limitation in these types of tests is that the source out-
gassing component which is the most volatile begins leaving the source
as soon as the chamber is pumped. Thus, it is clear, that the source
should be quenched with LN2 as soon as possible after starting the pump-

down to preserve as much of these high volatiles as possible. There are
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two constraints to this procedure. The first is that if the source is
chilled too fast, water vapor can condense on the cold sources, which
can significantly change the initial mass loss characteristics.
Secondly, if the chamber walls are not kept continually colder than the
source, any condensibles on the walls (from previous tests, etc.) can
be readily transferred to the source. Thus, the overall constraint is
how fast the entire Molekit system can be brought to cryogenic

temperatures,

The Molekit at present accomplishes this in about ten minutes
using a sequence of aspirators and sorption pumps for the rough pumping.
The optimum pressures at which the cryogen is admitted into each subsys-
tem of the facility has been experimentally optimized so that it is
estimated only about 5% of the high volatile is lost.

2.4 Source Kinetics Test Results

During the source kinetics testing phase of the program, two
source materials were evaluated. A single source kinetics test was run on
DC 92-007 at 100°C and three tests were run on RTIV-566 at 40°C, 70°C
and 120°C. The raw data is presented as it was obtained on the data
acquisition plotter during the tests. The QCM calibration has not been
applied to this raw data. The QCM array during the DC 92-007 test is

15.24 cm from the source.

The outgassing characteristics of DC 92-007 at 100°C are
presented in Figure 6. The accumulation on 3 QCMs is shown. The first
QCM is concentric with the source while the other two are coplanar with
the on-axis QCM and make angles of about 26° and 53° with that axis.
The ratio of the deposition on the first two QCMs clearly indicates
Lambertian (diffuse) emission from the source. The outermost QCM gives value
about 507% greater than diffuse, but subsequent tests have shown this QCM
to be faulty. It has since been removed from the Molekit. Diffuse
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source emission is thus tentatively experimentally verified. Diffuse
molecular reflection and VCM reemission, which are also fundamental

assumptions of the model, have been experimentally determined in many
other tests1 so long as the surface is slightly contaminated and the

temperature of incident molecular streams less than 700°C.

Using the "tail of the test" procedures for two lst order
components as outlined in previous subsections, the values of weight
fractions and rate constants for DC 92-007 at 100°C were obtained. The
weight fraction of 53% was taken from MMC TGA data and was presumed to
include both the high and low volatiles. A high volatile weight
fraction of 0.7% was obtained from the isothermal 100°C test with a
rate constant of 1.75 x 10-3 per minute. The remaining 52.37% of the
active low volatile had a rate constant of 4.24 x 10-6 per minute.
Without a test at a second temperature, no estimate of activation
energies or frequency factors was possible for these source components.
This data, when compared with the test data point by point, gave poor

correlation hence a diffusion model was tried assuming a single component.

This gave a considerably more satisfactory fit to the data
than did the first order kinetics components. It is clear that due to
the waviness of the data in the "tail" of this test unit DC 92-007
would be most difficult to analyze. No further reduction of data with

this source was made,

At this point in the program, it was decided to continue
detail kinetics testing on only one source material, RTV-566. Measure-
ments of the isothermal outgassing kinetics for a 2.54 ecm (1.0 inch)
diameter coating of RTV-566 at four temperatures were made during this
period. The temperatures were 40°C, 7OOC, 100°C and 120°C. Data are
presented in Figure 7 for these temperatures except for the 100°¢C run.

A heater failure occurred during this test.

Additional information required are the physical dimensions j

of the sample coating itself. The procedures used are to peel the RTV
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film away from the magnesium substrate after the test. Then, the
resulting specimen is cut into a number of rectangular patches whose
dimensions are easily measured. Each patch is then weighed to *100 pg
using an analytical balance. The thickness at various locations is
measured, and the thickness measurements are averaged to obtain the
reported value. A summary of these measurements for the four tests
performed is given in Table I. A considerable variation in the
thickness (*12 um) is to be expected since the RTV-566 adhesive is
applied with a spatula in a fairly viscous state following the vacuum
degassing. However, the large variation in specific gravity is
unusual. This has varied from about 0.90 (the samples readily float)
up to 1.47. The manufacturer (G.E.) reports 1.51. This density
variation is surprising in view of the fact that all the samples are
from the same raw compounds of the same manufacturing process. The
weight and thickness are necessary parameters in applying diffusion
theory. As mentioned, the kinetics data for DC 92-007 at 100°C was
quite satisfactorily modeled as a single diffusing process superimposed

on a very low volatile single first order rate process.

TABLE I - RTV-566 TEST SAMPLE PHYSICAL PROPERTIES

Source | Source Average Source

Sample Temp | Weight [Thickness| Area
Number (°c) (mg) (um) (cm2)
27 40 45,1 69 5.067
28 70 47.9 109 5.067
*26 100 43.6 76 5.067
21 120 46.6 64 5.067

*
Test deleted.
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The basic nature of the RTV~566 and the measurement precision
of the Molekit system necessitated the development of a relatively
sophisticated data analysis algorithm to adequately reduce the QCM test

data to obtain the desired source kinetic parameters.

A standard software package of polynomial regression and
function analyzer routines was purchased from Hewlett Packard and these
were linked together with the AESC plotter programs to be compatible
with the data storage tapes. This system of programs, designated
"POLYPLOT" (1) inputs the test data tapes and the QCM transient cali-
bration, (2) fits a sequence of 9th order polynomials to the compensated
QCM beat frequency data, (3) computes the derivatives of this function
and (4) compares the regression analysis against the test data by plot-
ting regression functions over the test data. The test data is therefore
divided into a sequence of regression polynomials until the correlation
coefficient is greater than 0.995. Then reliable slope and intercept
determination from a log-linear plot of frequency rate versus time can
be obtained. From these measurements, the kinetic parameters of the
less volatile second component can be estimated, and subsequently the
parameters for the first component evaluated by subtracting the effects
of the second component from the test data at the start of the test when
both components are active., With the assumption of first order kinetic

processes for both components, the results of the data reduction are the

percent by weight (weight fraction p) of each component and the first
order specific rate constant for each component (K). Table II presents
this data at the three test source temperatures 4000, 70°C and 120°cC.
Figure 8 shows the nearly linear dependency of the weight fraction of the
high volatile component (ul) with source temperature, This could
indicate an adsorbed material where the quantity that the surface will
hold is inversely proportional to its temperature. The weight fraction
of the second component can be averaged to give a value of about

0.21 + 0,.07. While the uncertainty is rather large, the average fraction

1027



g-0L X £00C 2-0L X999} 6220 8ve0 | 9 99v | 0CL
g-OL X €616 2-01 X 6562 2820 1620 | 60L | 6LV |OL
;0L X 0EE'6 g-01 X8998 LELO €GL'0 | 69 L1'st | Ob
-NIW -NIW % % wrl Bu %o
(1-Nw) (14w} (o) | (%) | (um) (Bu) | (2c)
INVISNOI 31VYH PuZ | AINVLSNOD F1VHISL | "IvHd puZ | '9vdd ISt |H1d3A | LHOIIM|dWIL

(ISATVIVO %Z°0) 99S—-AL¥ 40 SININOJWOD

ITILVIOA HOIH OML ¥04 VIVA SOILANIN FDIN0S ¥YIQIO 3IST

*II A19VL

1028



aanjeaadwa] 92anog YITM (%) UoTIoBIg *IM Jusuodwo) IST 99G-AI¥ JO UOTIETIBA °Q 2In8Tg

(Mo) 3HNLYHIAWAL I2HNOS

00V 0S¢ 00 052
T I 1 0
-oL0
(%)
Ln ‘NoILIVHA
<4020 LM ININOJWOI
99G-ALY ISL
S

= 0v0

1029



of the second component which is released after twenty-four hours with
the source at 120°C compares very closely with the NASA TND-8008 7%TML
of 0.23% for RTV-566 with 0.27% catalyst.

Figure 9 presents plot of the natural logarithm of the rate
constants versus the reciprocal of the source temperature for both
active components. The slope of such curves gives the value of the
heat of activation for the process in question while the intercept at
1/T = 0 gives the so-called '"frequency factor.'" The value of the rate
constant at other temperatures can then be determined by using the
Arrhenius relationship over the temperature range for which the slope

is constant,

-AE/RT

R(T) = A0 e (6)

For the first component, a linear approximation with a correlation

coefficient of 0.89 can be made showing

Aél) = 32.15 min 1

(1)

AE 4990 cal mole_l.

]

For the second component, a linear relationship is not really indicated,
but if it is assumed in spite of a very low correlation coefficient,

then

-1

Aéz) 4.953 x 10T min

1

(2) 3083 cal mole .

AE
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For correlation as low as shown, it is equally valid to assume a constant

value of rate constant over the temperature range; then

AE(z) =0

5 3

9.5 x 10 ° < EZ(-1.01 X 10‘3) < 2,01 x 10”

Typical calculations using the polynomial approximation for the
source mass loss rate are shown in Figure 10 where the natural logarithm
of the source mass loss rate |ﬁs| is plotted against the testing time.
The typical decrease in the source rate by three orders of magnitude

over the test period is clear. The absolute value (modulus) is shown

since the real source mass loss rate is always a negative quantity.

2.5 VCM Reemission Test Procedures

This is a new technology in terms of systematic predictive
model, thus a model was proposed based upon experience. Most pure
substances exhibit a constant mass loss in vacuum.3 This is classical
evaporation and sublimation and is most frequently modeled using the
Langmuir equation which expresses the mass loss rate per unit of surface
area in terms of the bulk material temperature, mass number, and its

equilibrium saturation vapor pressure. This well-known equation is

v M
Ms B 1’ZwRTS Psat(Ts) (7)

where
ﬁs = Langmuir bulk reemission rate, g/cm2 -8
MS = VCM (a pure substance) atomic weight, AMU
R = universal gas constant, 1.986 cal/mole/oK
TS = bulk source temperature, °k
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Figure 10. Mass Loss Rate for RTV-566 at 40, 70
and 120°C (0.2% Catalyst)
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P (T ) = equilibrium saturation vapor pressure at T_,
sat s s
mm Hg(torr) .

In addition to this constant bulk reemission, recent tests have
shown that small deposits reemit with an exponential time-dependency
typical of a lst order process4, and it has been verified generally that
surfaces covered with fractions of a monolayer exhibit 1lst order
reemission exactly5 as for example the BET-Langmuir model of surface
adsorption. In tests calibrating the precision of QCMs using a pure
substance, ice, test data clearly showed that at least 1500 & of ice had
to exist on the receptor surface for a Langmuir constant reemission to
occur6. The reemission rates decreased rapidly by several orders of
magnitude as the coverage decreased to the very thin deposits of less

than 500 X which can then be modeled as lst order processes.

Based upon this experimental evidence, the proposed AESC VCM
reemission model assumes an exponential decrease in the reemission rate
from the 1st order process at monolayer depths to the constant Langmuir
rate when the surface is sufficiently covered to establish the bulk
process. Typical of such processes at two receptor temperatures are
sketched in Figure 11. The equation covers reemission kinetics ranging
from a first order rate process for small receptor deposits to a constant
mass loss reemission rate (zero order) for thick enough deposits that
produce pure VCM bulk. This latter is identified with the Langmuir
equation and is thus called a '"Langmuir reemission process." With
RTV-566, the basically high stability of the coating limits the out-
gassing to small values so that only small QCM deposits can be obtained,

hence the small deposit first-order reemission kinetics is assured.

The test for the VCM reemission kinetics involves maintaining
a clean QCM receptor at the temperature that the kinetics are to be
evaluated. Then, the source is raised to a high temperature (2:1250C),
and the VCM allcwed to deposit until a peak is reached, at which time

the source is quenched with LN2.
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The procedures for obtaining the VCM reemission rates constants
for the two components can then be developed from the equation in
Figure 11 for the QCM mass and mass rate equations assuming first order

VCM reemission kinetics, The mass equation is

. . . (1)
- Z: 1) (@) 1) K7t
MQ(t) = [Ma MQO Ma e e (8)
i=1,2
where

MQ(t) = total mass on the QCM at time, g
M;l) = mass of ith component which is permanently

adsorbed onto the QCM, g
Méé) = mass of the ith component initially on the

QCM immediately after quenching the source, g
kél) = first order rate reemission rate constant

for the ith component, s-1,

The mass rate equation for these two components is obtained by

differentiating equation (8) to give

. . (1)
- (1) |, @ ; K "t
o = E “e [Mqé) - M,.fl)] e © ®)
i=1,2

As typical deposition test data shows, the HVC is rapidly reemitted so
that in the "tail" (after eight hours), only the LVC is still actively
being reemitted, and by plotting LN lﬁQl versus time in this domain,
the rate constant K(z) and the mass differential [M (2) - Miz)] can

e QO
be obtained from the slope and intercept respectively.
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At the beginning of the reemission test, the QCM mass loss

rate is given by

A WO,@ @
My(0) = E ke [MQO M, ] (10)
i-1,2

Further, the total deposit on the QCM at the start and finish of the

reemission test are respectively

1) )
MQ(O) = MQO (11a)
i
} i=1,2
. (1)
MQ( ) = ZMa (11b)
+ J
By combining the data from the log-linear plot of ﬁQ versus t with
equations (10) and (11), it is possible to evaluate the HVC rate constant
(2 [,,(2) (2)
(1) B [MQ(Oﬂ - ke [ﬁQO - Ma ]
o T T ) - M ()]-[u - M(Z)] 12)
(@ - e ]-[mg” - g

2.6 VCM Reemission Test Results

Figure 12 shows a constant QCM mass loss rate at -20°C. It is
a reasonable assumption that only the LVC is actively being reemitted and
that its reemission rate constant is so small that a linear loss rate

appears.

ﬁQ = -kéz)[Még) - Miz)] (13)
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where

My = -2.115 x 1082 g-s71,

The initial quantity of LVC on the QCM, Még), is obtained by

extrapolating the constant reemission rate to the start of the test.
(2)

a s is assumed to be one-half of

The adsorbed quantity of the LVC, M

that shown in Figure 11,

For the QCM active crystal area of 0.316 cmz, the mass

surface density (MSD) becomes
méz)(—ZOOC) - 1.82 x 1077 g-em 2.

Assuming a VCM specific gravity of about 1.3, this gives deposit of
LVC "thickness" of about 14 A. The rate constant calculated for the
LVC at -20°C is then

K:Z)(—ZOOC) = 3.842 x 10°% min" 1 .

. o) o)
The reemission test for the source at 120°C and the QCM at 10 C showed
an almost identical constant reemission about one hour after the HVC
was emitted and by applying the same criteria as with the last case,

the MSD

méz)(10°c) - 1.557 x 107/ g-cm™2

which corresponds to a thickness of about 12 &. The rate constant is

9.311 x 10% min"1 .

(2) 0
K (10°¢C)
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If classical ordered rate theory is assumed, then the LVC
reemission rates will follow the Arrhenius relationship for temperature

dependency. For the LVC data at -20°C and lOOC, these results are

(2)
(@ @ 8" /rr (16)
e s}
where

(2) _ . =1
A = 1,64 min ~, the frequency factor for MVC

° reemission
Aéz) = 4200 cal—g_l mole_l, the heat of activation

for MVC reemission.

The data for the reemission test at lOOC had sufficient VCM at the start
of the tests to permit the use of equations (11) and (12) to compute the

rate constant of the HVC at IOOC.

Kél)(10°c) =6.12 x 10”% min T .

All of the source and reemission processes of the two higher
volatile components of RTV-~566 studied with the isothermal QCM/TGA
technique have exhibited low heats of activation characteristic of non-
activated (physical) processes. In fact, they are all between 3000 and

5000 cal/g mole/°K. It is probably safe to assume that the HVC

reemission would show a similar heat of activation of about 4000 cal—g_l
mole_l. Then, the Arrhenius relation for the HVC becomes
(1)
Kél) _ Ac()l) eAQ /RT (15)
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where

Aél) = 75.44 min -
AQ(1) = 4000 cal_g—l-m01e_l (assumed).

Using this relationship, the HVC rate constant at (—ZOOC)

becomes

kél)(—ZOOC) = 2.63 x 10°2 min L.

The VCM reemission kinetics results are summarized in Table
I1I. The first order kinetic model for VCM reemission is probably only
valid for a limited thickness (about 150 R was deposited in these tests).
The reemission rate increases with the net deposited mass up to a
maximum rate which is identified with the Knudsen-Langmuir loss rate
(éL) classically related to the saturation vapor pressure. There is not
enough VCM in the coated samples used in these tests to evaluate the

Langmuir process.

2,7 Surface Transport Properties Test Procedures

This testing phase is primarily aimed at measuring the capture
coefficients for VCM molecules emitting from the source at the source

Q"

matrix of temperature combinations must be measured to account for the

temperature, Ts’ and impinging on the QCM receptor at T A temperature

o
temperature range expected. The receptor temperatures were set at -20 C,
0 ,
+10°C and +25°C. Actually, above the +100C, almost no measurable deposit
occurs. The source temperatures were the same as those used during the

source kinetics testing.

The test procedures for these tests are obtained by integrating

the QCM deposition differential equation which applies in the Molekit
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where the

extension

QCMs are at temperatures above LNZ‘ This expression is an

of equation (1);

M, + kM. =

9 Mo —FSQGSQMS g/s (16)

VCM reemission rate constant from the QCM, s'-1

capture coefficient for VCM molecules leaving
the source at Tg and impinging on the QCM

surface at Tq.

Since first order kinetics has been applied to the two

components of RTV-566 source, equation (16) can be integrated to give

the desired Q/TGA equations. Then, to compute the two corresponding

capture coefficients, it is necessary to examine the QCM mass and mass

rate equations for the deposition transport tests. For the condition

of a small deposit, lst order source and VCM kinetics is assumed.

where

5Q

(1)
sQ

The QCM mass deposition equation for the two components is

. Géé)u(i)kéi)
] i ———
" Z Ya© Thss| @ @ |
i=1,2 e s
(1) .
-kt -k(1)
—x (e s -e € t) (17)

= diffuse angle factor from the source to the QCM
crystals

= total source weight, g

capture coefficient of the ith component arriving
at the QCM from the source
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LD

S first order source rate constant for the ith component,

min~l and

. .th
weight factor of the 1t component in the source.

U

The QCM mass rate equation is obtained by differentiating equation (17)

to give

(i) (1), (1)
M. = F. W “sq M ks K=mm
Q sQ's|, @) _ @)
i=1,2 e s
(i) (1)
o=kt -kt
———X (kél) e © - k;l) e S > (18)

Allowing sufficient time ( ~ eight hours) to deplete the source
of the high volatile component (HVC), equation (18), which is now an
expression involving only the low volatile component (LVC), can be

rearranged to determine the corresponding capture coefficient as follows:

@ (@ ]
@ _ [ke ~ ks MQ(t)]

%sq 5 D
(2) (2))( @ kP () t)
(FSQ U wSkS ke e e - kS e S

(19)

at any value of t 2 eight hours.

All the parameters on the right hand side of equation (19) are
known from the source kinetics test and the reemission test. For good

results, considering the typical difficulties with data reduction in
(2)
SQ

"tail" domain are calculated and the results averaged. Finally, the

analyzing 'tail" data, several values of ¢ at different times in the

capture coefficient for the HVC can now be calculated using equation (18)
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at any time during the initial hours of the transport test. The simplest
result is the initial deposition, MQ(O), rate which gives the following

expression for the desired coefficient

' @) (2) ()
S _M? ~ Fsq¥s [o&8) +® x?)]
SQ 1) (1)

FSQWS u KS

(20)

Another convenient time at which to evaluate this coefficient
is at the peak mass deposition when the mass rate vanishes. For many of
the transport test conditions, this equilibrium point where the
deposition rate vanishes is clearly evident and the elapsed time, t¥*, at
which it occurs is easy to determine. When this occurs a particularly
simple arrangement of the mass rate expressions allows simultaneous
computation of ?oth LVC and MVC capture coefficients knowing the initial
QCM mass rate, MQ(O), and the elapsed time at the peak deposition.

Equations (18) and (20) can be combined into a matrix format as follows:

Aij Isq4 = B, (1,5 = 1,2) (21)
where
Oon: = capture coefficient for ith component of source onto the
503~ oem
The elements of the coefficient matrix are given as
follows:

A= ey kéi) (1 =1,2) (22)

(1)

. (i) ,
kél) e_ke e - kél) e—kS t*
Ao, i T A @ @ (23)
e S
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B, = | =—=——— (24)
1 FSQWS
B, =0. (25)

where

]

t* elapsed time at peak deposit, min and

M(0) initial QCM mass accumulation, rate, g—min_1

2.8 Surface Transport Properties Test Results

Transport deposit tests were made at QCM receptor temperatures
of -20° and 10°C and at source temperatures of —40°C, 70°C, 100°C and
120°C. In addition, a single test was run with the source at 125°C and
the QCM receptor at 25°C to compare Q/TGA testing results with those
of the SRI-JPL TML/CVCM tests that are currently used to screen space-

craft materials,

The raw uncorrected QCM beat frequency data for the QCM at
-20°¢C is presented in Figure 13. At the end of each deposition test, the

source is quenched with LN The QCM is maintained at -20°C and any

2°
subsequent VCM reemission measured. If there is still sufficient VCM in
the QCM to make definitive reemission kinetics measurements, then this
can be done. The data on VCM reemission kinetics of Figure 13 was taken
after these transport deposition curves were made. At the QCM tempera-
tures, no reemission was detected and separate reemission tests had to be

performed.

Two general observations can be made based on the raw data.
The first is that reemission rates exceed the incident flux rates, as is
shown by the deposition peaks with the source at 70°C and 100°C. It also
is true of the 120°C deposition curve, although it is not readily

1046



2507 RTV-566 SOURCE
T°C)|{ WT(mg) DEPTH (jum)
40 45.8 96
70 445 99
100 4119 93
120 51.9 91
200 +
L..~ 120 120
100 ]l ’
150 <+ 70
th“*““ﬂulgguvu
QCM BEAT S
FREQUENCY o]
40 '
(Hz)
100+ ~——_
50 -
0 + 4 ¢ 4 ' 3
0 2 4 6 8 10 12

ELAPSED TIME (HOURS)

Figure 13. Deposition onoa ch at -gOOC fromoRTV-566 (0.2% Cat.)
Sources at 40, 70 , 100" and 120°C
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apparent on the plotting scale as shown. The second broad observation

is that the residual amount of deposit is quite small.

If the specific gravity of the VCM is presumed to be about
that of the RIV-566 resin or the catalyst, then the peak deposit from
the source at 120°C corresponds to about 50 A, 1t appears, therefore,
that residual deposition may be limited to several adsorbed monolayers
even when the source temperature is much greater than the receptor
temperature. This also demonstrates the capability of Q/TGA techniques

to measure depositions with monolayer precision.

The data for the transport deposition tests on the QCMs at
+10° is presented in Figure 14. As with the -20°C test data, a "quick-

look" examination shows two qualitative characteristics. One is the

high VCM volatility and the other is a more or less permanently adsorbed
residual deposit of about several monolayers. The initial mass deposit
and deposit rate are noticeably greater than appeared in the source

kinetics tests and the -20°C transport tests.

One cause for this increased mass release is that a new batch
of RTV-566 source samples was made. While the identically same materials
(resin and catalyst) were used and the manufacturing procedures rigor-
ously followed, it is clear that the weight and thicknesses of the source
specimens are from 50% to 150% greater than previous samples. The
source data for the 1OOC tests clearly shows the increase in the RTV-566
coating thickness. Hopefully, the intensive source kinetic properties
(i.e., weight fractions and rate constants) will be invariant and only
the additional source weight need be accounted for in reducing the data.
However, to verify this will require additional source kinetics tests

with this thicker batch of samples to compare with the previous data.

The transport test data for 10°C also indicates that after two
to three hours, a permanently held residual VCM deposit is held on the

QCM. This residual VCM (physisorbed) appears to depend upon the source
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600 -
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500 -
100
400 +
70
RTV-566 SOURCE DATA
T(°C) | WT(mg) | DEPTH(4m)
QCM BEAT 300 +
FREQUENCY (Hz) 40 127 214
70 76 147
100 72 137
120 72 136
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Figure 14, Deposition on a QCM at 10° C from RTV 566 (0.2% cat.)
Sources at 40°C, 70° c, 100°C and 120°cC
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temperature as the test data at the end of the test shows. An explanation
of the variation of this final residual adsorbed deposit as a function

of the source temperature will involve an in-depth analysis based on the
physics of multilayer adsorption. This literature on adsorption under
equilibrium conditions is plentiful, but there is very little covering

the non-equilibrium conditions in these tests. For this reason, the
relatively small residue is simply accounted for experimentally.

However, the differences from equilibrium conditions indicate that a

closer examination of these phenomena should be made.

Another special transport deposition test was run with the
source at 1250C and the QCM at 25°C to investigate the relationships
between the standardized JPL-SRI RML/CVCM data used to screen non-
metallic materials for space application from a contamination potential
viewpoint. Figure 15 shows these results with deposition transport data
at -20°C and 10°C sketched in approximately to scale. In addition, the
source kinetics test data for RTV-566 at 1200C when the QCM was main-
tained at -170°C is plotted. Thus, comparative deposition data at 4 QCM
temperatures —170°C, —20°C, 10°c and 25°C is presented. The deposition
amounts of the data curves for the QCM at -170°C and at 25°C after
24 hours of testing can be compared with the TML/CVCM data. The mass
deposited on the cold QCM at point A measures the total mass lost by the
source in twenty-four hours by knowing that the fraction of the released
mass from the source which remains on the QCM is about 0.35% (diffuse)
and that the total source mass is about 70 mg. The percent total mass
loss (4 TML) is then 0.3%. The QCM at —1700C is assumed to be totally

anechoic and retains all the incident mass flux (i.e., Me =0, 0 = 1.0

for both components). When the QCM is maintained at 25°C, a sli:gt
transient deposit is desorbed in about one hour leaving the adsorbed

deposit at point B, which is the percent collected volatile condensible
mass (% CVCM) for both components. The ratio of the mass deposit at B

to that at A shows that for the QCM at 250C about 57 of that which hits

1050



0.90- (%oTML = 0.300) ® |

TQCM= -170°C :

|

|

|

0.75} |

I

|

I

I

I

0.60}- |

|

VCM MASS ON !

QCM  (u9) |

I

|

0.45|- |

. |

/A |

A \TQCM- 20°C I

’l \‘ . |

_ |

0.30 } t‘ \ |

\ |

\ |

\\ Tacm =10°C I

|

\ , ,

0.151 \ \.. |
~. ]

\\ =~. — c— l

~ ~ |

TaeM=25C  —~— - = ————————-— (%CVCM=0.015)~\®)!

0 ] ] ] | I l J | | | ] J

0 2 4 6 8 10 12 14 16 18 20 22 24
ELAPSED TIME (HOURS)
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the QCM collector is permanently adsorbed. The value gives 0.015% CVCM
relative to the total source mass. The corresponding values published
in Outgassing Data for Spacecraft Materials, NASA TN D-8008, gives for
RTV-566 (0.2% catalyst) a % TML of 0.27% and a % CVCM less than 0.03%.

Thus, these two isothermal QCM tests show the absolute relationships and
transient nature of the data obtained from the JPL-SRI TML/CVCM
measurements. Good correlation with the published TML/CVCM data was

achieved.

It seems that the same TML/CVCM results could be obtained with
five hours of testing instead of twenty-four hours. It also indicates
that only about 10 & to 15 & of adsorbed VCM is retained on the

collector.

Equations (21) and (22 - 25) can be applied to the four test
conditions of the source at 120°C and 70°C and the QCM at -20°C and 10°C.
The test conditions at 40°C must use the more general approach described,
and no source kinetics data exists at 100°C. The results of these
calculations are presented in Table IV, While the results must be
considered preliminary pending a broader data base covering the
variations in source mass and geometry, significant conclusions can be

drawn from the results to date,

The capture coefficients for the QCMs at -170°C have been
assumed to be 0.90. The correct physical assumption for a cryogenic
receptor is not a unitary capture coefficient as might be expected but
a negligible VCM reemission rate., The average value of the coefficients
for all the transport measurements analyzed so far is about 0.92 to 0.04
which indicates a near uniform process occurring over the test tempera-
ture ranges tested. This shows a remarkable similarity to the classical
Knudsen accommodation coefficient. This parameter is a measure of the
probability that a molecule encountering a surface at a different
temperature from the surface will attain the surface temperature. The

incident molecule thus loses its previous identity, and becomes
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indistinguishable from other molecules of the same species on the
surface. Recent studies in surface physical chemistry5 show that this
accommodation process requires but a few picoseconds in the case of

physisorption.

Identifying the capture coefficient with the accommodation
coefficient is completely consistent with the mass transport model as
presently formulated when the VCM reemission is independently determined.
The broad significance of a temperature-independent capture coefficient
is that it is valid whether the incident molecules are hotter or colder
than the receptor. A gravimetric measurement with a source colder than
the receptor would probably be indeterminant since the reemission rates
are signficantly higher than incident rates (viz, the deposition data

greater than 100C). Hopefully, for engineering applications with the
ranges of temperatures under study, all capture coefficients can be

assumed to be about 0.9. The only materials testing then required is
to obtain the Arrhenius temperature relationships for the source VCM

and its reemission; no matrix of coefficients need be determined.

These conclusions should be considered tentative until more
data on other materials and conditions are obtained, but it does
indicate a significant simplification in the analysis and testing of

VCM transport properties.
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3. RECEPTOR SURFACE EFFECTS TESTS

This section of the report covers the tests that were performed in
the SMEF where the spectral reflectance change on 5 typical satellite
receptor surfaces was measured, The classical Fresnel reflection
equations for specular spectral reflection and transmission8 require
that a uniform thickness of film deposit exist on the substrate. To
insure this, the mass transfer equations used in the previous section
were employed to design the source holder and the carousel which supports

the receptors to establish a uniform deposit within +0.27.

The spectral reflectance measurements were made on all 5 receptors
in a Carey 14 monochromator in ambient laboratory conditions prior to
placing these receptors in the SMEF., Then a similar ambient spectral
measurement of reflectance was made using the optical system on the
SMEF. By rationing these sets of measurements, the SMEF optics is
calibrated at all wavelength measurements for absolute reflectance.
Then, only changes in these values following the LN2 quenching, the
contamination deposition event, and the UV radiation are needed to

obtain the desired effects.

The original test plan was to use a PbS detector at -80°C to make
measurements from about 0.75 um to 2.5 um. However, this detector

failed, and the spectral data was taken from 0.25 um using a tungsten
filament lamp. An S20 PMT was used as the detector with both lamps to

cover the wavelength band from 0.25 um to about 0,90 um.

The measurements were completed following a deposition of 1000 A
from an RTV-566 source and a subsequent 36 hour exposure to 30 EUVS of
ultraviolet irradiation at 1236 X. However, considerable computer
processing of the data is required to determine if a measurable change
occurred since such a change will be very slight and "quick-look" study

of the data isn't precise enough to indicate change.
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3.1 AESC Surface Materials Effect Facility (SMEF)

The general specifications for the SMEF are similar to the
Molekit except that the SMEF is a horizontal cylinder which is 1.22 m
in diameter and 2.44 m long. The larger size permits the in-situ assembly
of the more complex hardware required to make the effects measurements.
The photograph of the SMEF in Figure 16 shows the overall configuration
to be used to perform the hemispherical p - T measurements. It consists
of an integrating sphere system which includes a monochromator positioned
outside and on top of the chamber with aspherical transfer optics to

direct the light into the in-situ sphere.

The photograph in Figure 17 shows a closer view of the SMEF
(with the loading door removed) with the receptor carousel rotated
horizontally into the position where the deposition and UV irradiation
occur. The 5 mounting locations for the 5 receptors on the carousel
pinwheel are shown as well as the position of a QCM which is symmetrically
positioned to have the same contamination depth as the receptors. Then
the entire carousel, with the exception of the stepper motor which rotates

the pinwheel, is cryogenically cooled and held at about -160°c.

The final photograph in Figure 18 shows the carousel rotated
into position in front of the integrating sphere following either a

deposition or a UV radiation event.

The receptor pinwheel on the front end of the carousel can be
indexed about the center line of the carousel through 360 degrees to
position all the receptors in front of the sphere. The temperature of
the source holder (not shown) and the carousel is maintained by precision
controllers from -160°C to 130°C. The shroud is always at cryogenic
temperature. The sphere components are typically at -80°C. Fifteen

thermocouples monitor temperatures throughout the SMEF.

The Hewlett—-Packard 3050A data acquisition system which is
coupled to both the Molekit and the SMEF automatically samples and

records the photometric data., It has a capability to sample up to sixty
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Figure 17. Sample Carousel Positioned for Deposition/Irradiation in SMEF
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Figure 18. Sample Carousel Positioned for Effects Measurements in SMEF
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channels of analog data with precision to 1 uV at a speed of about four
channels per second. Data is stored on magnetic tape and can be

simultaneously plotted and printed out as needed,.

An optical schematic is shown in Figure 19 which traces the
monochromatic light from the Jarral-Ash monochromator on top of the
SMEF chamber into the chamber, through the integrating sphere and onto
the desired receptor. To make a typical reflectance measurement, an
oscillating rotatable scanning mirror is mounted in-situ on top of the
integrating sphere which can provide a dual beam comparative photometric
measurement of both reflectance and transmittance if desired. For the
measurements made on this program, this mirror remained fixed in the
position for spectral reflectance and the substitutional method of

integrating sphere photometry was employed.

The Jarral-Ash monochromator can automatically scan the
wavelengths from 0.25 ym to 2.5 um at 500 & min"1 so that values of the
solar adsorptance can be calculated. Fixed circular slits 6 mm diameter
are at the monochromator focal points and this image is put through the
optical system producing a 1.25 cm diameter image on the sample part of
the sphere. Three gratings are used in sequence. From 0,25 uym to 0.83
ym, a grating with 1180 lines'mm_1 blazed for 0.40 um produces readings
every 50 X when coupled into the data acquisition system, From 0.83 yum
to 1.46 ym, a grating with 590 lines-mm_l blazed for 1.0 um produces
readings at 100 ! intervals and from 1.46 ym to 2.50 um a grating with
295 lines-.mm_1 blazed for 2.1 um produces readings at 200 & intervals.

A tungsten filament lamp is used in conjunction with a photomultiplier
tube (PMT) as a detector. The light beam is chopped at 200 Hz upon exit
from the monochromator, and the PMT detector output is fed into a PAR
lock~in amplifier. A dynamic range of five orders of magnitude is
detectable. As with the Molekit, all data is automatically sampled and

stored on tape. ;
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3.2 Effects Measurements Procedures

In addition to the optical characteristics, there are some

A
As with the Molekit, or any system which places the source material into

important procedural requirements in making the Py = T measurements.

vacuum, it is necessary to cool the source as quickly as possible as the
pumpdown is started to minimize loss of the high volatile component.

It is important to prevent icing on the source and QCM caused by LNy
quenching of these components too early in the pumpdown sequence, It was
found that in the SMEF the chamber pressure should be about 10'3 torr prior to
quenching, This is essentially at the end of the roughing cycle after
about thirty minutes of pumping. Thus the source is in vacuum about

30 minutes at ambient temperature at the start. This compares with

10 minutes in the Molekit. The maximum temperature that the double-
ring source plate will reach in the SMEF is about 140°C within 5 minutes

from cryogenic equilibrium,

The carousel pinwheel which indexes the receptors across the
sphere part supports 5 receptors. They are a gold first surface mirror
which serves as the reference receptor (Au/REF) when using the substi-
tutional method of sphere photometry. This reference mirror is shielded
on the carousel to prevent contamination or UV irradiation. The remain-
ing four receptors receive the full contamination-irradiation procedure.
These receptors are (1) a gold first surface mirror (Au/FSM), (2) a
sample of aluminized Teflon with 0.002 inches of Teflon mounted as a
second surface mirror (AgFEP), (3) a 0.010 fused silica wafer coated with
1000 X of silver mounted as a second surface mirror (Ag/SSM), and (4) a
sample of S13GLO white paint 0.003" thick. All receptors are circular
discs 1/2" in diameter. A QCM is positioned in the 6th pinwheel position
(but doesn't index) and thus measures the VCM mass that is deposited on
the four sample receptors. During the test period of about one week, the

entire carousel is cryogenically cooled with LN2 and thus all the attached

components are held at about -170°.
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An eight step procedure was used to evaluate the effects of UV
irradiated contamination on the 4 sample receptors. First, the spectral
reflectances of the Au/REF and the sample receptors were made ex-situ in
a Carey 14 spectrophotometer. Second, reflectance measurements were
made on each of the 5 receptors and of the baseline (no receptor at the
sphere part) in the SMEF sphere system prior to evacuation and cooldown.
This basically validates the basic performance of the SMEF sphere.
Third, the SMEF chamber is evacuated and all internal components
(carousel, source, shroud, sphere, optics, etc.) are quenched to LN2
temperatures. Fourth, a reflectance measurement is again made on the
clean, cool receptors. This measurement determines the optical path
alignment distortion when the optical train is chilled to LN2 tempera-
tures, The oeptics are realigned as much as is possible for optimum
measurements. Fifth, the carousel is positioned in front of the
double-ring source, the source is quickly heated to about 135°C, and a
deposition sequence takes place. About 1200 R was deposited during
these tests. Sixth, a measurement is then made of the contaminated but
unirradiated receptors. The source is then quenched with LNZ' Seventh,
the contaminated receptors are exposed to about 30 equivalent ultra-
violet suns (30 EUVS) from a resonance electrodeless krypton lamp which
emits radiation at 1236 2 for 36 hours. Eighth, a final reflectance
measurement is made on the contaminated and irradiated receptors. This
eight step procedure requires about one week with each measurement
phase requiring about one working day. Most of the deposition and UV

irradiation is performed overnight.

To calculate the spectral reflectance profile for a receptor

using substitutional sphere photometry, the following equation is used

IS(X) - Iz
QS(A) = IR(A) — IB()‘) QR(A) (26)
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where

ps(k) = hemispherical spectral reflectance of a sample
receptor at A

pR(k) = hemispherical spectral reflectance of the
reference receptor (Au/REF) at X

IS(X) = photomultiplier current of sphere detector
when the sample is being illuminated,
milliamps

IR(A) = PMT current of sphere detector when the reflectance
receptor is being illuminated, milliamps

IB(A) = PMT current for the baseline measurement where

no receptor covers the sphere port, milliamps

Thus, six scans through the wavelength range from 0,25 um to
2.5 ym is required during each measurement phase. Each receptor is
sampled at 250 wavelengths. A total of 1500 data points are stored on
tape. To compute the profiles using equation (26), a computer is
required. At present the software programs to completely perform these
calculations and plot the reflectance profiles have just been completed

and only "spot" checks of the data are available.
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